Objective: Pediatric patients with sellar masses such as craniopharyngioma (CP) or cyst of Rathke's pouch (CRP) frequently suffer disease-and treatment-related sequelae. We analyzed the impact and prognostic relevance of initial hydrocephalus (HY) and hypothalamic involvement (HI) on long-term survival and functional capacity (FC) in children with CP or CRP. Subjects and methods: Using retrospective analysis of patient records, presence of initial HY or HI was assessed in 177 pediatric patients (163 CP and 14 CRP). Twenty-year overall survival (OS) and progression-free survival (PFS), FC, and BMI were analyzed with regard to initial HY, degree of resection, or HI. Results: Of the 177 patients, 105 patients (103/163 CP and 2/14 CRP) presented with initial HY and 96 presented with HI. HY at diagnosis was associated (PZ0.000) with papilledema, neurological deficits, and higher BMI at diagnosis and during followup. OS, PFS, and FC were not affected by HY at initial diagnosis. HI at diagnosis (96/177) had major negative impact on longterm prognosis. Sellar masses with HI were associated with lower OS (0.84G0.04; PZ0.021), lower FC (PZ0.003), and higher BMI at diagnosis and last follow-up (PZ0.000) when compared with sellar masses without HI (OS: 0.94G0.05). PFS was not affected by HI or degree of resection. Conclusions: Initial HY has no impact on outcome in patients with sellar masses. OS and FC are impaired in survivors presenting with initial HI. PFS is not affected by HY, HI, or degree of resection. Accordingly, gross-total resection is not recommended in sellar masses with initial HI to prevent further hypothalamic damage.
availability of promising therapeutic approaches, it must be emphasized that there is currently no pharmacological therapy for hypothalamic obesity that has been shown to be effective in controlled studies. Surgical strategies to preserve hypothalamic integrity are mandatory for the prevention of hypothalamic obesity (1) .
Based on reports in the literature (12, 13, 14, 15, 16) , it is not clear whether the presence of hydrocephalus (HY) constitutes a prognostic factor for long-term outcome in pediatric patients with sellar masses. The present retrospective study assessed the impact of HY, degree of resection, and tumor location at the time of diagnosis on survival and outcome in a large cohort of long-term survivors of these sellar masses.
Subjects and methods
In pediatric patients with sellar masses (CP or CRP) diagnosed between 1966 and 2001 and recruited in our cross-sectional study known as HIT Endo (17, 18) (Fig. 1) , the presence or absence of initial HY at the time of diagnosis was assessed based on magnetic resonance imaging (MRI) and/or computed tomography (CT) of sufficient quality ( Fig. 2A and B) . Out of 505 patients recruited in the German Craniopharyngioma Registry (485 CP patients plus 20 patients with CRP), 177 patients were included in our study and 328 patients were excluded. Criteria for inclusion are as follows: i) diagnosis of childhood-onset CP between 1966 and 2001 and ii) availability of appropriate imaging for referenceconfirmed presence of HY at the time of diagnosis.
Of the 328 excluded patients, 210 were diagnosed between 2001 and 2010 and in the remaining 118 patients no appropriate imaging for the reference assessment of HY was available. This is due to the fact that some of the patients in our multicenter registry were diagnosed as early as in the 1960s. A neuroradiologist (M W-M) performed blind MRI evaluations, and tumor volumes were calculated according to methods described previously (8) . Initial HY was confirmed in 103 out of 163 CP patients and in two out of 14 patients with CRP. Diagnoses of CP and CRP were made at a median age of 8.8 years, ranging from 1.5 to 25.2 years-of-age in 177 patients (85 females and 92 males). The histological diagnoses were confirmed by pathological reference assessment in all cases. The median follow-up interval was 15.7 years in CP and 4.2 years in patients with CRP.
German Craniopharygioma Registry
Patients diagnosed 1966-2010 Childhood-onset craniopharyngioma n=485
Cysts of Rathke´s pouch n=20 Figure 1 Selection criteria for the study cohort of 177 patients diagnosed with childhood-onset craniopharyngioma between 1966 and 2001, in which appropriate initial imaging for reference assessment of hydrocephalus was available at the time of study.
HIT Endo

Figure 2
Magnetic resonance images (MRIs) of pediatric patients with sellar masses: childhood-onset craniopharyngioma patients presenting with hydrocephalus (A) and without hydrocephalus (B), and with hypothalamic involvement (C) and without
In our cross-sectional study, long-term survivors were analyzed regarding the impact of initial HY, degree of resection, and HI ( Fig. 2C and D) on clinical presentation at diagnosis, survival rates, quality of life (QoL) (functional capacity (FC)), and BMI during long-term follow-up. In two patients, long-term follow-up data were not available. Initial imaging was reference assessed for HY or hypothalamic tumor involvement as part of the HIT Endo trial.
Body height was measured using a stadiometer. Body weight was evaluated by calculating the body mass index (BMIZweight (kg)/height 2 (m 2 )) and expressing the BMI as an SDS using the references of Rolland-Cachera et al. (19) . BMI SDS was evaluated at the time of diagnosis and at the time of last visit.
The German daily life ability scale Fertigkeitenskala Münster-Heidelberg (FMH) was used for self-assessment of QoL (FC) (20, 21, 22) in patients with tumors of the sellar region. The FMH measures the capability for routine actions, with 56 items such as 'can walk without aid' or 'earns money' (Supplementary Table 1 , see section on supplementary data given at the end of this article). It was normalized with 971 persons (45.5% female), aged between 0 and 102 years, resulting in age-dependent percentiles (20) . The test-retest reliability coefficient was 0.99. The validity was tested in ten brain tumor patients: there was good agreement with IQ (rZ0.7) and semiquantitative assessments performed by a physician (P!0.001). The average time for answering the FMH questionnaire was 4.5 min in first-time users (18, 23) .
Statistical analyses were performed using SPSS 22.0 (SPSS, Inc.). For comparison of two independent groups for a continuous variable, the Mann-Whitney U test was used. For comparison of different groups for categorical variables, the c 2 -test was used. A P value of !0.05 was chosen as being statistically significant. Overall survival (OS) and progression-free survival (PFS) rates were estimated by the Kaplan-Meier method.
This study was approved by the local standing committee on ethical practices and written parental and/or patient consent was obtained in all cases.
Results
The study cohort (177 patients with appropriate imaging for assessment of HY) was similar in terms of baseline characteristics (sex, age at diagnosis, and age at last visit) when compared with the cohort of 118 patients excluded from our study due to a lack of appropriate imaging for reference assessment of HY at the time (1966-2001) of diagnosis (data not shown). The excluded 118 patients were diagnosed based on histology (58%) or imaging results (MRI and/or CT). However, primary imaging scans in these 118 excluded patients were either of nonsufficient quality for reference assessment of HY or not available at the time of study.
The OS rate was 0.88G0.03 ( Fig. 3A ) and the PFS rate was 0.68G0.07 ( Fig. 3B ) in the study cohort of 177 pediatric patients with CP or CRP. Of the 177 patients, 105 (103/163 CP and 2/14 CRP) presented with HY at initial diagnosis (Table 1) . Patients with HY were diagnosed at a younger age (median age: 7. We also analyzed the impact of hypothalamic involvement (HI) at the time of diagnosis on initial clinical presentation, survival rates, FC, and BMI in this cohort of 177 long-term CP and CRP survivors. HI at diagnosis was confirmed in 96 of the 177 patients (94/163 CP and 2/14 CRP). Patients with and without HI were similar with regard to sex distribution, age at diagnosis, and the rate of neurological deficits at the time of diagnosis (Table 1) . Patients with HI were assessed at a longer follow-up interval after diagnosis (median follow-up interval: 17.5 years) when compared with patients without HI (median follow-up interval: 13.6 years) (PZ0.001). HI was associated with a higher rate of papilledema (33%, PZ0.000) and insertion of a VP-shunt (24%; PZ0.011).
HI had major negative impact on long-term prognosis. Sellar masses with HI were associated with lower OS (0.84G0.04; PZ0.021) (Fig. 6A) , lower FC during followup (FMH percentile: median 47; range: 5-97, PZ0.003), and higher BMI SDS at diagnosis (median BMI: C1.08 S.D.; range: K2.2 to C7.6 S.D.; PZ0.000) and at last follow-up visit (median BMI: C4.0 S.D.; range: K1.9 to C13.6 S.D.; PZ0.000) when compared with sellar masses without HI (OS: 0.94G0.05; FMH percentile: median 50, range: 6-95; median BMI at diagnosis: K0.28 S.D., range: K3.7 to C5.3 S.D.; median BMI at last follow-up: C0.83 S.D., range: K1.6 to C9.2 S.D.). Similar to HY, PFS was not significantly related to HI at initial diagnosis (Fig. 6B ). (Table 1) were higher (PZ0.002; PZ0.004 respectively) in patients with HY (44%) and HI (44%) at initial diagnosis when compared with patients without HY (21%) or HI (19%). This observation has to be interpreted with regard to larger tumor sizes in patients with HY or HI (PZ0.001; PZ0.002 respectively), potentially necessitating more intensive treatment.
Rates of irradiation
Out of 177 patients of the study cohort, 23 patients died. Causes of death could be evaluated in 14 out of 23 deceased patients. Out of 14 mortality cases with a known cause of death, six died due to endocrinopathies (four acute adrenal insufficiency and two salt water imbalances www.eje-online.org due to diabetes insipidus). Out of 14 mortality cases with a known cause of death, six died due to tumor progression, two due to vascular complications, one due to liver cirrhosis, and two committed suicide.
Discussion
Owing to tumor location, sellar masses such as childhood CP and CRP are associated with high rates (41-54%) of HY at the time of initial presentation (16, 24, 25) . In our cohort, we found a 59% rate, supporting these findings (Table 1 ).
In the CP study of Yasargil et al. (12) , outcome (evaluated by deterioration of patient's general condition, dependence, endocrine replacement, and psycho-organic syndrome) was significantly compromised in patients with large tumors or HY or in those who underwent second or subsequent craniotomy for recurrence or uncontrolled growth of the original tumor. De Vile et al. (26) suggested that severe HY, occurrence of intraoperative complications (vascular or frontal lobe trauma), and young age at presentation were predictors of poor longterm outcome. In the CP series reported by Duff et al. (27) , factors associated with poor outcome were also HY, visual deterioration or papilledema at presentation, and tumor calcification and/or adhesiveness to surrounding neurovascular structures. CPs, although histologically benign, are associated with significant mortality, with reported overall mortality rates three to five times higher than those of the general population (28, 29) . The OS rates (which reflect effect of multiple treatments) described in an exclusively pediatric series ranged from 83 to 96% at 5 years (14, 15, 17, 30, 31, 32, 33) and 65 to 100% at 10 years (15, 26, 30, 31, 32, 34, 35, 36, 37, 38, 39, 40, 41) , averaging 62% at 20 years (42) . In adults or a broad age-range population (adults and children) series, the OS rates ranged from 54 to 96% at 5 years (13, 16, 25, 29, 32, 43, 44, 45, 46) , 40 to 93% at 10 years (13, 16, 25, 28, 29, 32, 43, 44, 45, 46) , and 66 to 85% at 20 years (29, 45, 46) . The lower limits of survival rates usually reflected data from earlier series that occurred before modern advances in microsurgery, neuroimaging, and radiotherapy.
What remains unclear is whether the age at diagnosis represents a survival prognostic factor because some studies have demonstrated that the youngest patients have better survival rates (28, 32, 44) , others have found better outcome in older patients (12, 46) , whereas still other studies report no difference between pediatric and adult populations (13, 16, 45, 47) . The role of sex as a prognostic factor is not established; some authors report a higher mortality among females (28, 29) , but others have not found any sex differences (13, 15, 16) . One of the two studies reporting higher mortality rates in females suggested a possible role of estrogen deficiency (29) , but the other study did not consider that unsupplemented gonadal insufficiency had a significant impact on enhanced mortality (28) .
Disease-related mortality can occur even many years after treatment. Causes of late mortality include those directly related to the tumor or its treatment such as progressive disease with multiple recurrences, chronic hypothalamic insufficiency, hormonal deficiencies, cerebrovascular disease, and seizures (26, 38, 40, 48) . Other disease-related causes of mortality have been described, including decreased mineral bone density and non-alcoholic steatohepatitis, leading to liver cirrhosis in some cases (38, 40) . A recent review has reported substantial long-term morbidity with hypopituitarism, increased cardiovascular risk, hypothalamic damage, visual and neurological deficits, reduced bone health, and reduction in QoL and cognitive function (49) . The standardized overall mortality rate varies from 2.88 to 9.28 in cohort studies covered in this review. According to the review, patients with childhood CP have a threeto 19-fold higher cardiovascular mortality in comparison with the general population, and female childhood CP patients have an even higher risk (46) .
Tumor size is likely to be a prognostic factor because increased survival rates have been shown in tumors with a diameter smaller than 3 cm (47). Several studies have described a more favorable prognosis when tumors lack calcification, especially in adult CP patients (12, 47) , although no specific pathological feature predicted survival in childhood CP patients (14) . In other studies, neither tumor histology (16, 47) nor tumor location (15, 16) had prognostic importance.
It is not clear whether the presence of HY constitutes a prognostic factor because both increased mortality (12) and lack of association with mortality have been reported (13, 14, 15, 16) . Our retrospective analyses of the thus far largest published cohort of long-term survivors of childhood-onset CP and CRP show that HY at diagnosis was not associated with reduced survival rates and impaired FC during long-term follow-up, supporting previous reports (13, 14, 15, 16) . Our analyses of the prognostic relevance of initial HI as a risk factor for reduced QoL (FC) in longterm survivors are also in line with previous reports (7, 8, 18, 50, 51) , although these previous reports were mainly based on shorter follow-up evaluations. Our study shows for the first time that long-term survival rates (i.e., 20 years after diagnosis) in patients with CP or CRP were significantly impaired when initial HI was detectable. Furthermore, long-term FC was shown to be impaired when initial HI was detectable in patients with CP or CRP.
The degree of surgical resection had no significant impact on long-term outcome in terms of OS, PFS, and FC, indicating that gross-total resections have no clinical advantage with regard to recurrence rates and QoL. Hoffmann et al. (11) analyzed changes in surgical strategy by comparing our cohort treated during the period of 2001-2007 with our more recent cohort treated during the period of 2007-2012. The authors observed a change toward less aggressive surgical strategies (gross-total resections) during the last 15 years.
The results of our study are limited due to retrospective analysis and, as indicated, some observations are speculative at this point. The potential size of the cohort was also limited because appropriate documentation of MRI and/or CT for assessment of initial HY was available only in 177 out of 295 patients recruited in our HIT Endo Registry.
We conclude that initial HY at the time of diagnosis has no impact on survival and QoL in long-term survivors of CP and CRP. PFS appears not to be related to HY, HI, or the degree of surgical resection. However, OS and FC are significantly impaired in survivors presenting with HI at diagnosis. Accordingly, gross-total resection as a treatment strategy is not recommended in pediatric patients with
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www.eje-online.org sellar masses presenting with HI at initial diagnosis in order to prevent further hypothalamic damage and thereby hopefully increase long-term OS and FC. Longterm mortality is significantly related to endocrinopathies (2) . Accordingly, treatment and follow-up of patients with CP and CRP should be performed by specialized and experienced multidisciplinary teams.
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